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WIND-TUNNEL INVESTIGATION AT SUBSONIC AND SUPERSONIC SPEEDS OF A
MODEL OF A TATLIESS FIGHTER AIRPLANE EMPLOYING A LOW-ASPECT-
RATIO SWEPT-BACK WING - EFFECTS OF EXTERNAL FUEL TANKS
AND ROCKET PACKETS ON THE DRAG CHARACTERISTICS

By Willard G. Smith
SUMMARY

The effects of external fuel tanks and externally mounted rocket
packets on the drag characteristlics of a model of a tailless fighter
eirplane are presented in this report. The investigation was conducted
through a Mach number range of O. 60 to 0.90 and 1.20 to 1.T70 at a constant
Reynolds number of 3.2 million. The measured 1ift, drag, pitching-moment,
and rolling-moment coefficients and 1lift-drag ratios are presented in
tabuler form and the drag characteristics and lift-drag ratios are also
presented in graphic form. In addition, pressure distribution data are
tebulated which may be used to determine the influence of the external
stores on the wing load distribution at supersonlc speeds.

Results of this investigation show that the addition of two externsal
fuel tanks and four faired rocket packets to the model produced drag
increments which increased from 30 percent to 50 percent of the drag of
the basic model between Mach numbers of 0.60 and 0.90, respectively,
while at supersonic Mach numbers this drag increment was approximately
30 percent of the drag of the basic model. Tests of the model fitted
with four rocket packets indicate that the drag may be reduced at sub-
sonic speeds by fairing the open rocket packets, but at supersonic speeds
the faired packets produced more drag. A small decrease in drag was
realized at supersonic speeds, for the model fitted with two fuel tanks
and four rocket packets, by mounting the outboard packets and fuel tanks
in a2 more forward chordwise position with respect to the wing.

INTRODUCTION

Knowledge of the increases in drag to be expected from the addition
of externally mounted fuel tanks and armament under the wings and fuselage
becomes increasingly important as the trend continues toward long-range,
high~speed fighter airplanes carrying rocket-propelled srmement. An

o
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investigation of the effects of this type of external installation on

the aserodynamic characteristics of a model having a low-aspect-ratio
swept-back wing has been conducted in the Ames 6- by 6-foot supersonic
wind tunnel. The model was fitted with various combinations of under-
the-wing type rocket-packet and fuel-tank installatlons and tested at
subsonic and supersonic Mach numbers at a constant Reynolds number. Two
chordwise locations of the fuel tanks and rocket packets were investigated
and the rocket packets were tested with the ends of the packets falred
smooth and with the rocket tubes open. The results of this investligation
are presented herein. The results of an investigation of the stability
and control characteristics of this same model conducted in the Ames

6~ by 6-foot supersonic wind tunnel are presented in reference 1.

NOTATION

The 1ift, drag, and pitching-moment coefficients are referred to
the stability axes with the origin at the guarter-chord point of the
mean aerodynamic chord projected to the fuselage center line.
Rolling-moment coefficients are referred to the fuselage longitudinal
axls.

b wing span, feet
c local wing chord measured parallel to plane of symmetry, feet
b/zczdy
c wing mean aerodynamic chord ——E7r————- » Teet
2
Cp drag coefficient <hra§>
CDs increment of drag coefficient due to external-store installation
or fuselage modification based on total wing area
(CDmodel + store CDmodel)
cr 1ift coefficient (11_?)
q
Cy rolling-moment coefficient <%ollingsgomenf>
Q
Cm pitching~moment coefficient,<bitChing moment
gsc
Cp static pressure coefficilent (P-Pc’)
Q
% lift-drag ratio

AR
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L maximum lift-drag ratio
D /mex
M

free~stream Maeh number

P local static pressure, pounds per square foot

Po free-gtream static pressure, pounds per square foot

q free-stream dynamic pressure, pounds per sguare foot

R Reynolds number, based on the mean aerodynamic chord

S total projected wing area, including area formed by extending

leading and trailing edges to plane of symmetry, square feet
Y spanwise distance from plane of symmetry, feet
e angle of attack of fuselage longitudinal axis, degrees
APPARATUS

Wind Tunnel and Equipment

The present investigation was conducted in the Ames 6- by 6-foot
supersonic wind tunnel. This is & closed-return, variable-pressure wind
tunnel. in which the pressure and Mach number can be continuously varied.
The stagnation pressure can be varled fram 2 to 17 pounds per squere inch
absolute and the Mach number can be varied from 0.60 to 0.90 and from
1.15 to 2.00. A complete description of the wind tunnel is given in
reference 2.

The model was sting mounted with the pitch plane of the model hori-
zontal in the wind tunnel to utilize the most uniform stream conditions.
(See reference 2). A four-component electricel strain-gage balance,
similar in design to that used in reference 3, was enclosed within the
fuselage of the model. The aerodynamic forces and moments were registered
by recording-type gelveanometers calibrated by applying known loads to
the balance.

Model

A model of a high-speed fighter airplene having a low-aspect-ratio,
swept-back wing and & swept-back vertical tail but not horizontal tail
was used in this investigation (fig. 1). A bubble-type canopy was faired
into a dorsel fin which extended back to the vertical tail. Provisions

P v it
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were made for fairing the vertical tall into the fuselage when the canopy
and dorsal fin were removed. The wing had a leading-edge sweep angle of
52.5° and a taper ratio of 0.332 based on the theoretical wing tip. The
wing was composed of symmetrical sections in streamwise planes having a
thickness of 7.0 percent of the chord at the wing root tapering to

4.5 percent of the chord at the theoretical wing tip.

The model was filitted with inlets housed in wing-body Jjuncture fair-
ings with internal duects allowing the air to flow through and exhaust at
the rear of the fuselage. 1In this investigation the mass flow of air
through the ducts was not adjustable; however, the ducts were constructed
so0 that at supersonic speeds the exit was choked, limiting the inlet
Mach number to O.4. 1In order to accommodate the annular duct exit and
the mounting sting, the boattailing on the model was somewhat less than
would be expected on a full-scale airplane.

Rocket packets and fuel tanks were provided, to be attached to the
wings in the locatione shown in figures 2 and 3. The outboard rocket
packets and the fuel tanks were mounted on unswept and swept-forward
pylons as shown in figures 2 and 3. The purpose of the swept-forward
pylons was to obtain a more forward locetion of these stores. The rocket
packets were tested both with the fore and aft ends of the rocket packet
faired smooth and with six holes open through the packet, to simulate
conditions before and after firing the rockets.

Provisions were made to measure pressure distribution data at five
spanwise stations as shown in figure 4. The location of the orifices
on the upper and lower surfaces of the port wing are given in table I.

TESTS ARD PROCEDURE

As a bagis for comparison, tests were made of the basic model with
canopy and dorsal fin 1n place and with no external stores installed.
Lift, drag, pitching-moment, and rolling-moment data were obtained at
Mach numbers of 0.60, 0.80, 0.90, 1.20, 1.35, 1.50, and 1.70 at a constant
Reynolds number of 3.2 million, through an angle of attack range of
-2° to +8°. sSimilar data were then obtained at corresponding test con-
ditions. for the following model configurations:

1l. Basic model fitted with inboard and outboard faired rocket’
packets mounted on unswept pylons

2. Basic model fitted with inboard and outboard open-tube rocket
backets mounted on unswept pylons

3. Basic model Ffitted with two external fuel tanks mounted on

unswept pylons 4
SRR
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4. Basic model fitted with inbosrd and outboard faired rocket
peckets and two external fuel tanks all mounted on unswept
pylons

5. Basic model fitted with outboard faired rocket packets and two
external fuel tenks mounted on swepi pylons and inboard falred
rocket packets mounted on unswept pylons

6. Basic model with canopy and dorsal fin removed (no external
stores)

Pressure distribution date were obtained for the basic model and for
the model fitted with four faired rocket packets mounted on straight
Pylons. These tests were conducted at Mach numbers of 1.20, 1.30, and
1.70 at & Reynolds number of 2.0 milllion. Data were obtained through an
angle-of-attack range of -3° to +12° at 2° increments for the basic model
and 4° increments for tests of the model fitted with the rocket packets.
A tabulation of the test conditions is presented in +Hsble II.

Reductlon of Data

The test data have been reduced to standerd NACA coefficient form
based on the total projected wing area including the ares in the region
formed. by extending the leading and trailing edges to the plane of
gymmetry (fig. 1). Factors which could affect the acecuracy of these
results and the corrections applied are discussed in the followling
paragraphs.

Angle of attack.- The determination of the actual angle of attack
of the model under load required seversal corrections to be applied to the
nominal angle. Corrections, determined from static load csllbrations,
were applied for the angular deflection of the sting and balance under
aerodynamic load and for the angulsr movement due to structural clearance
in the model support and balsnce. These correctipons amounted to from
5 to 10 percent of the nominal engle, depending on the losd.

Ty

Tunnel-wall interference.- Corrections to the data for the effects
of the tunnel walls at subsonlic speeds were made by the method of refer-
ence . These corrections which were added to the datae were as follows:

Do 0.377 Cy,

ACp = 0.0066 Cp2

The reflected bow wave did not intersect the model and so no tunnel-wall
corrections were made for supersonic Mach numbers.

-
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The effect of coagtriction of the flow at aubsonic speeds due to the
pregence of the model was teken into account by the method of reference 5.
This correction was calculated for conditons of zero angle of attack and
was applied through the angle-of-attack range. At a Mach number of
0.90, this correctlon amounted to a l-percent increase in Magch number and
dynamic pressure over those values determined from calibrations of the
wind tunnel without a model in place.

Support interference.- Results of a wind-tunnel test of a simllar
model (reference 6) show that the effects of support interference con-
glzted primarily of = changé of pressure at the base of the model. In
this test the base pressure was measured and corrections were applied to
adjust the pressure at the base to free-gstresm static pressure.l The
drag values are, therefore, forebody drag coefficients.

Stream veariations.- Tests were made &t subsonlc and supersonic speeds
with the model in upright and inverted attitudes. Resulis of these tests
showed no measurable indieations of stream angle or stream curvature in
the horizontal plane of the wind tunnel. Stream surveys of the Ames
6- by 6-foot supersonic wind tunnel (reference 2) show some curvature in
the vertical plane of the wind tunnel, but the results of a subsequent
investigation (reference 7) indicate that this curvature has little effect
on the longitudinasl aerodynamic characteristics of the model when pitched
in the horizontal plane.

Internal duct drag.- The model was egquipped with twin ducts through
which air could flow. However, provisions were not made to vary the mass
flow, so a study of the duct drag characteristics was not feasible 1in
this investigation. The drag data presented herein are for the camplete
model; that is, the drag due to flow through the ducts has not been sub-
tracted from the final drag coefficients.

Precislon of Dats

The accuracy of the test results, excluding stream effects, is shown
by the repeatability of the data. Exaemination of the results showed the
data to repeat with the accuracy shown in the following table:

1The bage area used in this investigation was the entire base area of
the model less the duct exlt ares.

O ——
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Accuracy

Quantity Cr, =0 Cr, = 0.25

Cp +0.000k £0.0006

Cy, £.0016 +.0018

Cm +.0005 +.0005

Cy £,0006 *.,0009

Cp £.005 + .005

M .03 % .03

R +.03 x 10% +.03 x 108

o .1 t.15

The precision of the data presented herein is superior to that of
the data in reference 1 because these data were obtained for a consecutive
series of tests in the wind tunnel and the mounting of the model and
balance was unchanged during this investigation.

RESULTS AND DISCUSSION

Only the data pertinent to a study of the effects of external fuel
tanks and rocket packets on the drag charscteristics of the model are
discussed in this report. All the force and moment data obtained from
these tests, including 1ift and rolling-moment coefficients and 1lift-
drag ratios, are presented in table ITT, however. In eddition, experi-
mental static pressure coefficlents obtained at Mach numbers of 1.20,
1.30, and 1.70 for the basic model and for the model Ffitted with four
rocket packets are presented in table IV. Comparison of the data from
these pressure distribution tests gives an indication of the effects of
the rocket-packet installation on the air loads experienced by the model.

The effects of external stores on the drag characteristics of the
model are presented in this report as the increments of drag coefficient
incurred by the addition of external stores. Figure 5 presents the vari-
ation of drag coefficient with 1ift coefficient for the basic model at
Mach numbers of 0.60, 0.80, 0.90, 1.20, 1.35, 1.50, and 1.70. As previ-
ously mentioned, the drag coefficients presented in this report include
the internal duct drag. The increments of drag coefficient for the vari-
ous store installations investigated are shown in figure 6 as a function
of Mach number for O and 0.25 1lift coefficients. This figure shows that
et subsonic speeds the drag increment resulting from the asddition of four
rocket packets was somewhat less when the packets were fsired, but at
supersonic speeds fairing the packets increassed the drag. The drag incre-
ments for two fuel tanks and four rocket packets, mounted in the aft
chordwise locéation (unswept pylons), varied from approximately 30 percent
of the drag of the basic model at a Mach number of 0.60 to 50 percent at

e
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a Mach number of 0.90. For Mach numbers of 1.20 to 1.70 the drag incre=-
ment for these same external-store configurations was epproximately

30 percent of the drag of the basic model. Results of teasts of the model
with the stores mounted in two chordwise locations showed that the change
in chordwise location had no significant effect on the drag at subsonic
speeds. At supersonic speeds, however, the drag increment resulting from
the addltion of two fuel tanks and four rocket packets was somewhat
smaller for the forward chordwise location (swept pylons).

The maximum lift-drag ratios for all the configurations tested are
shown in figure T as a function of Mach number. These data are for the
unbalanced model. - o

Results of this investigation show that the addition of external
stores could appreciably affect the trim drag of the model. This effect
is illustrated in figure 8 which shows the variation of pitching-moment
coefficient with 1ift coefficient for the basic model and for the model
fitted with two external fuel tanke and four rocket packets. The magni-
tude of the pitching-moment coefficlent at zero 1ift for the basic model
was quite small at all Mach numbers, but the model fitted with externsl
stores showed a significant negative pitching moment at subsonic speeds
and a positive pitching moment at supersonic speeds. These pitching
moments, associated with the installation of external stores on the model,
significantly influence the deflection of the longitudinal control sur-
face required for a specific flight condition. Thus it should be noted
that the drag coefficients presented for this investigation are for the
unbalanced model and that the total drag for the model balanced with a
control device will include an additional drag increment or decrement
due to the chenge in control setting required to counteract the aero-
dynamic influence of the external store. Pitching-moment characteristics
are shown for the model fitted with two fuel tanks and four rocket packets
because they exhibit the most pronounced effects of external stores of
211 the configurations investigated.

CONCLUSIONS

The following conclusions are based on a wind-tunnel investigation
of the effects of externsl fuel tanks and externally mounted rocket
packets on the drag characteristics of & model of a tailless fighter
airplane: . .

1. The drag increase resulting from the additlon of two external
fuel tanks and four faired rocket packets varied from 30 percent of the
drag of the basic model at 0.60 Mach number to 50 percent of the drag of
the basic model at 0.90 Mach number. At Mach numbers of 1.20 to 1.T0,
this drag increment was approximetely 30 percent of the drag of the basic

model.
TP
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2. The drag coefficient, &t subsonic speeds, for the model Titted
with four faired rocket packets was smaller than with four open rocket
packets. At supersonic speeds the four faired packets produced greater
drag increments than the open packeis.

3. The drag coefficients for the model fitted with two fuel tanks
and four faired rocket packets were somewhat less, at supersonic speeds,
with the outboard rocket packets and fuel tanks in a forward chordwise
location. At subsonic speeds the chordwise locatlon caused no signi-
ficant effect on the drag charscteristics.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif.
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TABLE IV.- EXPERTMENTAT, PRESSURE COEFFICIENTS

(a) Basic model, M = 1.2
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TABLE IV.- EXPERTMENTAT, PRESSURE COEFFICIENTS

(a) Basic model, M = 1.2

B

of attack

R

REYATEEGAERG 0. (6AE BeRAREREES
TET

.........».._ [N
Fh i

SYEB4RIIIE 64 . 545  Y5S0CRARAY
YRERERTTNAR 3F . 30T JR0RARIRE

9994559990034, 94 . 1000 SERRRNSUEY

......... a.....a..._.a....

ATIEYRERAREATE Y. 4950 g IRINAN40

---ﬁ--- ------

ECEERE T

a..........ﬁ

fedfiid b u

L]

888y amwmmmwm_..

[

Lt

_mmmu"mmmmmmmm

------ ---—--ﬁ--

R

%_ bk b B kb bhabe

u..q..

R P T T E TR

feita "laadtriadd

muTmssrssbuhuﬁuwnwhmnxnﬁzxﬂ!s@n&ﬁmﬂu

Y

[ETHegae00 qoRaeye EWHTAY  eReag

. Pl [ RSN

af sttack

6°B°:|.d°:u!"

LW

10

ok FEEERINAY  2590RER . A4550Y . AREYY

Y Fiiy fiarte (ot T

o°

&
%

i

10

% §aRA93697 §395952 | 00988 . aeang| | (7] 40, 08 m : Eﬁﬁmﬁ
B IYARRSIRNE R en e | F i
.mmmmmmmuummmmmamnm"nummmm mmmwmmm £ FOSRLEPLPRFRREIIDLDSLBRRIARARRER

Ju(3 BRRRI958Y . 3REN3A 449600 | 490u0E

‘i [

EEC s FREEER Ll T

OorifiL

} §9ROUTEEE (AEREURY. JUNgaT, RERAEY

wmmwmmmm T mwumm AR 788

R sadir i

._mm%ﬁmmm CHETEER ﬂ%ﬁ 43ERE

....... RNk

i [oumenoroog gL AR SRS ERQAANR




NACA RM A52J31

ummmmwmmmmmmmm.mm mmnm mm»m»mmmmu‘

b

118 410 88 -..-..h-

_r
_pmmwmmmmmm § m"um. mmuw mm»mnmaunu

Pivad ...a....... i

T mmmmmm.wmmm mm" TR E LaiE

RO TER e

xmﬂmmuﬂmm 1849, | BE%R 15paRgaaeE

Angls of attack

Basic model, M = 1.3

TABLE IV.- CONTINUED

(b)

M T T T G
wmmmwmmmmwmmMmm_m@m"w«mm"uammwmmmmm Wﬂmwmmmwmmmmmumwm
J e e | Lt
TR o T e (o
m.»mnxnn333333»»3?32222 m ww

2 TRaeeates nnaany owygy, omeat] | FlLL

(T T A e | | [LBLT i
tEgéuéﬁm%_mm_.mmm% L Vi
gL m W R
Ml R 884587 Aqnand m.. CBIRHELLPEIRPEBBESBEBIRAURERRER
m.& hpat ﬁﬁm. mﬁm ez

S RO R

T TRV Ty SeEey. e

wmmmmmmmmmm ALLELLERL L BT

] [INW]

PRSI E ﬂmﬁmm hE8EEY. (ERRARR

o°

-3° | -2

mu._o;n!hssvasmnnn.uuummwnnnﬂﬁauausnnnu

18




NACA RM A52J31  E— 19

TABLE IV.- CONRTINUED
(¢) Besic model, M = 1.7
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(d) Model with rocket packets, M = 1.2

TABLE IV.- CONTINUED

Angle of attack Angle of atteck Angle of attack
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TAELE IV.- CONTINUED
(e) Model with rocket packets, M = 1.3

Angle of attack Angle of attack Angle of attack
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ASLE IV.- CONCLUDED
(£) Model with rocket packets, M = 1.7

Angle of atteck Angle of attack Angle of attack
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unfess otherwise noted f
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Flgure |~ Three—~view drawing of the model showing the external fus! tanks and rockst packels.
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Figure 3.- Details of the rocket packets with unswept and swepl pylons.
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Figure 4.— Dimensionl skelch of the lfower surface of the model!
with rockel packels installed, showing the pressure
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Figure 7.- Variation of the maximum liff-drag ratio with Mach

number for the various external store configurations
mounted on the model.
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